Struma ovarii is a rare tumor that is defined as an ovarian teratoma with a thyroid tissue component exceeding 50%. Most of these tumors are benign, with malignant struma ovarii occurring in <1% of patients. Here, we describe the case of a 49-year-old female patient with malignant struma ovarii who developed thoracic spine metastasis. She had undergone an oophorectomy and was diagnosed with struma ovarii 10 years previously. She had remained recurrence-free thereafter. At 49 years of age, she developed low back pain and was admitted to our hospital for evaluation of a spinal tumor at the Th7 level. An emergency bone biopsy led to a diagnosis of metastasis from malignant struma ovarii. External beam radiotherapy inhibited further tumor growth and there was no resulting muscle weakness. This is the first report of spinal metastasis occurring 10 years after resection of struma ovarii, indicating the need for long-term follow-up. 
Introduction
Struma ovarii is a rare form of ovarian teratoma comprising >50% of thyroid tissue [1] that represents about 1% of all ovarian teratomas [2] . It is histologically, physiologically, and pharmacologically identical to normal thyroid tissue [2] , and is usually benign and only rarely malignant [3] . Distant metastases from malignant struma ovarii are also rare and occur in about 5% of cases [1] . These metastases can spread via the lymphatic system to pelvic and paraortic lymph nodes; via direct spread to the omentum, peritoneal cavity, and contralateral ovary; and via hematologic transmission to the bone, brain, lung, contralateral ovary, and liver [1] . The common sites of metastasis for struma ovarii are the peritoneum, mesentery, and omentum followed by (in decreasing order of frequency) the liver, contralateral ovary, bone, and lung [4] . Bone is not a common site for metastasis and there are some reported cases of struma ovarii with bony metastasis in the English literature [2] [3] [4] [5] [6] [7] . But, only 5 cases of spinal metastasis from malignant struma ovarii have been described [2, [5] [6] [7] .
We experienced a case of a 49-year-old woman who developed thoracic vertebral bone metastasis 10 years after resection of struma ovarii. The 10-year period before recurrence is the longest among all published cases. Here, we present this rare case with a literature review.
Case Report
At 39-years-of-age, a woman was incidentally diagnosed with struma ovarii after a surgical procedure for ovarian torsion. Pathological examination revealed proliferation of follicular epithelium and the presence of thyroid tissue (Fig. 1A, B) . The MIB-1 index (Ki67) was 1%-2% (Fig.  1C) . There was no recurrence of the tumor after surgery. Presently, 10 years later, she experienced low back pain. Magnetic resonance imaging (MRI) and computed tomography (CT) performed at a local hospital revealed a large tumor surrounding the spinal cord accompanied by osteolysis at the Th7 level (Fig. 2) , and she consulted with our hospital. Despite severe spinal cord compression, there was no lower limb muscle weakness. We performed an emergency bone biopsy and detected hyperthyroglobinemia in tissues collected via a puncture needle from thoracic lesions. The serum thyroglobulin level was 38,242 µg/L (reference range, 2-32 µg/L). Pathological examination of the Th7 lamina bone revealed a metastatic follicular thyroid carcinoma. Atypical cells with nuclear swelling formed a follicle based on histological analysis (Fig. 3) . Histological findings were consistent with metastasis from malignant struma ovarii.
Following thyroid examination and whole-body positron emission tomography, we excluded the possibility of primary thyroid malignancy and detected metastasis to the ilium (Fig. 4) . There was no ovarian tumor recurrence or other visible metastases. The final diagnosis was metastasis from malignant struma ovarii.
Because thoracic spinal cord compression was significant, we initially considered tumor resection. However, the patient and her family decided against this procedure based on the association of intralesional resection of a tumor surrounding the spinal cord with risks of massive bleeding and postoperative paralysis. She eventually underwent external beam radiotherapy at a dose of 37.5 Gy for the spinal lesion. She continued to lie in bed until end of radiotherapy course, then became ambulatory using a rigid Th7 and lumbar brace. During a rehabilitation period of several weeks, she attained stable walking with rigid 
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Th7 and lumbar brace. There was no worsening of neurological symptoms, and she was discharged. Currently, 9 months after treatment, there is no obvious tumor growth or muscle weakness, and she can walk unassisted.
Discussion
Struma ovarii is rare, constituting only 2.7% and 2% of all dermoid and ovarian tumors, respectively [2] . It is usually benign, and is histologically and pharmacologically identical to normal thyroid tissue. Malignant struma ovarii is very rare and occurs in <1% of patients, and making a histological diagnosis is difficult [2] . Metastasis from malignant struma ovarii is also rare [3] . The disease can cause ascites and hydrothorax (Meigs' Syndrome), hyperthyroidism [6] , or, rarely, symptoms from metastases [3] . Our patient exhibited elevated serum thyroglobulin, but did not have hyperthyroidism. In the first examination 10 years previously, the thyroid tissue in the lesion was histologically benign. Malignant struma ovarii was diagnosed because of spinal metastasis in the more recent examination. Previously, only 5 cases of struma ovarii with spinal metastasis have been reported (Table 1 ) [2, [5] [6] [7] . Because of its rarity, the optimal treatment for malignant struma ovarii is unclear [4] . Previous cases have been treated with total abdominal hysterectomy and ovariectomy [8] , and total thyroidectomy with subsequent Iodine-131 ( 131 I) radioablation [5] . Adjuvant therapy including chemotherapy and external beam radiation has been used for patients with advanced disease or recurrence [8] . As in thyroid cancer, recombinant human thyroid stimulating hormone has been used to increase the effectiveness of 131 I radioablation [9] . Regarding spinal metastasis, Yamashita et al. [2] described a 32-yearold patient with a solitary L3 metastasis who underwent tumor resection and anterior spinal reconstruction. McDougall et al. [5] reported a 42-year-old patient with thoracic vertebral metastasis treated by tumor resection and fibular graft and two cycles of 131 I radioablation. Chan and Farrell [6] described the case of a 27-year-old woman with persistent tracer uptake at T8 on a whole-body scan who was referred for radiotherapy. The postoperative courses in all three cases were uneventful. In the present case, the patient did not have a tumor in the thyroid and ovaries; therefore, ovariectomy and thyroidectomy were not performed. We were also concerned about temporary tumor enlargement that could result in paralysis after radiation only. Although a considerable amount of three column of Th7 was involved, fortunately the patient complained of only back pain, without deterioration of neurological symptoms. This is probably due to slow progression, manifest as a recurrence after 10 years. As a result, there was no resulting increase in the tumor size and no muscle weakness in the legs thereafter. The 10-and 25-year survival rates for benign lesions are 89% and 84%, respectively [10] . Little is known about survival in malignant or metastatic cases because of their rarity. Some patients have a relatively good course even with distant metastases, while others die within a few years of onset [10] . These data emphasize the need for long-term follow-up of patients with malignant struma ovarii. It is also unclear which of the treatments described above is most effective in achieving higher survival and remission rates in patients with malignant struma ovarii.
The case reported here is the first example of malignant struma ovarii with thoracic metastasis that developed 10 years after resection. External beam radiation without tumor resection resulted in remission without worsening of symptoms to date. The case illustrates that metastasis from benign struma ovarii may occur after an extended disease-free period and that such cases require long-term follow-up. 
